Objective We studied the role of the NC_000017.10:g.380 51348A[G (rs8067378) single nucleotide polymorphism (SNP) located 9.5 kb downstream of gasdermin B (GSDMB), in the development and progression of cervical squamous cell carcinomas (SCC). Methods Using high-resolution melting curve analysis, we genotyped this SNP in patients with cervical SCC (n = 486) and controls (n = 511) from the Polish Caucasian population. Logistic regression analysis was used to adjust for the effect of confounders such as age, parity, oral contraceptive use, tobacco smoking, and menopausal status. The effect of this SNP on the expression of GSDMB was studied by reverse transcription and quantitative realtime polymerase chain reaction analysis of GSDMB transcript levels in SCC tissues. Results For all patients with SCC, the p trend value calculated for rs8067378 was statistically significant (p trend = 0.0019). The adjusted odds ratio for the G/G vs.
Introduction
Cervical cancer (CC) is one of the most common tumors in women and remains one of the main causes of death among women worldwide [1] . The precancerous state of cervical intraepithelial neoplasia, which may progress to CC, is usually the result of persistent infection with one of the oncogenic high-risk human papillomavirus (HPV) strains [2] . HPV E6 and E7 oncoproteins impair the function of p53 and pRb proteins and drive the cells to uncontrolled proliferation [3] . Additionally, E6 and E7 oncoproteins lead to chromosomal aberration [4] . It has been observed that the most high-risk HPV virions are eliminated by the hosts' immune system and only a minority of infections lead to a cervical lesion [5, 6] . These studies indicate that long-term infection with high-risk HPV contributes to cervical carcinogenesis; however, this further depends on an individual's genetic background [5, 6] . The risk factors for CC also include multiparity, cigarette use, sexual history, abnormalities in the immune system, and environmental pollutants [7] [8] [9] [10] . Important risk factors for CC are heritable genetic components, including a family history of cancer, especially in first-degree relatives [11] . The recently carried out genome-wide association studies highlight the major histocompatibility complex region in particular as being associated with cervical carcinogenesis [12] [13] [14] .
Additionally, genome-wide association studies in the Chinese population have demonstrated invasive CC to be associated with polymorphisms within two non-major histocompatibility complex loci: among them was the NC_000017.10:g.38051348A[G (rs8067378) single nucleotide polymorphism (SNP) [13] . The products of gasdermin B [GSDMB (OMIM *611221)] are the four protein isoforms GSDMB1-4 [15] . It has been demonstrated that the GSDMB protein may be linked with CC development and progression [15] . We replicated the prevalence of the rs8067378 SNP in patients with cervical squamous cell carcinomas (SCCs) in the Polish Caucasian population and we assessed the association of this SNP to different stages and grades of differentiation. We also evaluated the effect of rs8067378 genotypes on this gene's transcript isoform GSDMB1-4 levels in primary SCC and non-cancerous tissues.
Patients and Methods

Study Population and Tissue Samples
The study population consisted of 486 patients with cervical SCC, with stage and grade of differentiation assessed by an experienced histopathologist based on the International Federation of Gynecology and Obstetrics classification system and the World Health Organization (Table 1) . Patient data and primary cervical SCC tissue samples were obtained from patients enrolled between October 2007 and August 2015 at the Department of Radiotherapy of the Greater Poland Cancer Center in Poznań, Poland. The control group consisted of 511 unrelated healthy female volunteers selected during a medical examination at the University Hospital, Clinic of Gynecological Surgery at Poznań University of Medical Sciences (Table 1) . Information regarding a parity of at least one, oral contraceptive use, active tobacco smoking at minimum within the last 12 months, and menopausal status was obtained as part of the control and patient history.
The primary SCC tissue samples were obtained from 47 patients with a mean age of 51.6 ± 10.2 years and classified as stage III at the time of surgery. The non-cancerous cervical tissue samples were obtained from 47 women with 
CGGATGACTGGTGAAATAAGC 3
0 . The rs8067378 SNP was then genotyped via high-resolution melting curve analysis using HOT FIREPol EvaGreen (Solis BioDyne, Tartu, Estonia) with a LightCycler 480 system (Roche Diagnostics, Mannheim, Germany). The presence of this SNP was reanalyzed by Sanger sequencing analyses of randomly selected samples comprising 10% of the samples from all of the participants. The concordance rate between high-resolution melting and sequencing was equal to 100%.
Reverse Transcription and Quantitative RealTime Polymerase Chain Reaction Analysis of GSDMB Transcript Levels in SCC and NonCancerous Tissues
Frozen SCC and non-cancerous tissues were homogenized and total RNA was isolated according to the method of Chomczyński and Sacchi [16] . RNA quality was determined spectrophotometrically using a BioPhotometer 
II
Real-Time PCR System (Roche Diagnostics GmbH, Mannheim, Germany), using SYBR Green I as the detection dye. GSDMB1-4 cDNA was quantified using the relative quantification method with a calibrator. The calibrator was prepared with a cDNA mix from all cDNA samples and consecutive dilutions were used to create a standard curve. For amplification, 1 lL of cDNA solution was added to 9 lL of LightCycler 480 SYBR Green I Master Mix (Roche Diagnostics GmbH, Mannheim, Germany) and primers (Online Resource 1).
The quantity of the GSDMB1-4 transcript in each sample was standardized by the geometric mean of reference transcript levels: hydroxymethylbilane synthase and b-2-microglobulin. The polymerase chain reaction amplification efficiency for target and reference cDNA was determined by different standard curves created by consecutive dilutions of the cDNA template mixture. The GSDMB1-4 cDNA, hydroxymethylbilane synthase, and b-2-microglobulin cDNA were amplified using the primer pairs presented in Online Resource 1. The GSDMB mRNA levels were expressed as multiples of these cDNA concentrations in the calibrator.
Data Analysis
The distinction in genotypic prevalence between the patients and controls and their genotype deviation from the Hardy-Weinberg equilibrium were evaluated using a v 2 test. The polymorphism was tested for association with CC incidence using the Cochran-Armitage p trend test (p trend ). The v 2 and Fisher exact tests were used to determine the differences in genotypic distributions between the patients and controls. The odds ratio (OR) and 95% confidence intervals (CIs) were also calculated. A logistic regression analysis was used to adjust for the effect of confounders such as age, parity, oral contraceptive use, tobacco smoking, and menopausal status. A p value of \0.05 was considered statistically significant. Statistical analysis of comparing GSDMB1-4 isoform transcript levels between the G/G vs. A/A and A/G vs. A/A genotype carriers was evaluated by the Kruskal-Wallis test with either Dunn's post-hoc test or Tukey's post-hoc test. Statistical analyses were conducted using Statistica version 10, 2011 (Stat Soft, Inc., Tulsa, OK, USA).
Results
Prevalence of the rs8067378 SNP Among all Patients with SCC and Controls
The values for the v 2 test of the Hardy-Weinberg equilibrium were 0.329 and 0.181 for the patients and controls, respectively. The statistical evaluation of the rs8067378 genotype prevalence in cases and controls are shown in Table 2 . For all patients with SCC, the p trend value calculated for the rs8067378 transition was statistically 
Distribution of the rs8067378 SNP among SCC Patients with Different Tumor Stage and Grade of Differentiation
Stratified analyses revealed an association of the rs8067378 genotypes with tumor stages III, IV, and grade of differentiation G3 ( In patients with grade of differentiation G3, the p trend value calculated for the rs8067378 SNP was statistically significant (p trend = 0.0004). We found a risk effect of the G/G vs. A/A genotype, with an adjusted OR of 2.004 (95% CI 1.305-3.078, p = 0.0014) for the G/A vs. A/A genotype, with an adjusted OR of 2.346 (95% CI 1.180-4.666, p = 0.0148), and for the G/G ? G/A vs. A/A genotype, with an adjusted OR of 2.782 (95% CI 1.437-5.389, p = 0.0024). However, the logistic regression analysis did not show any association of the rs8067378 SNP with tumor stage I, II, and IV and grade of differentiation G1, G2, and GX. Moreover, there was no contribution of the rs8067378 SNP with HPV strains to either SCC or tumor stage I, II, and IV and grade of differentiation G1, G2, and GX (data not shown).
Distribution of the rs8067378 SNP among SCC Patients and Controls with a History of Parity, Oral Contraceptive Use, Tobacco Smoking, or Menopausal Status
The stratified analysis for the rs8067378 polymorphism revealed a risk role of this SNP among patients with a positive history of parity, oral contraceptive use, smoking, and among women of postmenopausal age ( Table 3 ). The age-adjusted OR for women with a history of parity for G/G vs. A/A was 1.323 (95% CI 1.083-1.615, p = 0.0059) and for G/G ? G/A vs. A/A was 1.484 (95% CI 1.071-2.055, p = 0.0174). The age-adjusted OR for women with a history of oral contraceptive use for G/G vs. 
Effect of the rs8067378 Polymorphism on GSDMB1-4 Transcript Isoform Levels in SCC and Non-Cancerous Tissues
We observed statistically significant increased GSDMB1 isoform transcript levels in the SCC cervical tissues from carriers of the GG vs. A/A (p = 0.00001) and G/A vs. A/A (p = 0.017) (Fig. 1a) . We also found a statistically significant increase in the GSDMB1 transcript levels in the non-cancerous cervical tissues from carriers of the GG vs. AA (p = 0.000001) and G/A vs. A/A (p = 0.033) (Fig. 1b) . There were also statistically significant increased GSDMB2 and 3 isoform transcripts in the SCC cervical tissues from carriers of the G/G vs A/A genotype (p = 0.010, p = 0.035, respectively) (Fig. 1a) .
However, we did not find significant differences in GSDMB2 and 3 isoform transcript levels in the SCC cervical tissues for the GA vs. AA genotype (Fig. 1a ). There were also no significant differences in GSDMB2 and 3 isoform transcript levels in non-cancerous cervical tissues from carriers of the G allele as compared with carriers of the A/A genotype (Fig. 1b) . We also did not find significant differences in GSDMB4 isoform transcript levels in SCC cervical tissues and non-cancerous cervical tissues from carriers of the G allele as compared with carriers of the A/A genotype (Fig. 1b) .
Discussion
The GSDMB gene is located at 17q21.2, a region that contains the ERBB2 gene, and is frequently amplified in cancers [17] [18] [19] . GSDMB expression is driven by two promoters: the cellular promoter and the Long Terminal Repeats-derived promoter [20] [21] [22] . The studied NC_000017.10:g.38051348A[G (rs8067378) SNP is situated 9.5 kb downstream of the GSDMB, in a region suggested to be a functional polymorphism as part of the Table 3 The distribution of rs8067378 genotypes among squamous cell carcinoma risks: parity, oral contraceptive use, tobacco smoking, and menopausal status transcriptional regulatory element and/or modulator of chromatin structure in this domain [23, 24] .
Human GSDMB is transcribed in proliferating normal epithelial cells and is overexpressed in various carcinomas, including those of the esophagus, breast, liver, stomach, colon, and uterine cervix [15, [25] [26] [27] [28] [29] . Sun et al. reported that GSDMB may also contribute to the development and progression of uterine CC [15] . They demonstrated that the GSDMB protein was present at increased levels in CC tissues as compared with the adjacent cancerous tissues and corresponding normal tissues [15] .
We found the rs8067378 SNP to be a risk factor of cervical SCC among all patients from the studied Polish Caucasian population. To date, the minor allele G of Fig. 1 Effect of the GSDMB rs8067378 polymorphism on GSDMB1-4 isoform transcript levels in cancerous cervical tissues (a) and non-cancerous tissues (b). Frozen tissue was homogenized, followed by total RNA isolation. Quantitative analyses of GSDMB transcript levels were performed by quantitative real-time polymerase chain reaction using the SYBR Green I system. The quantity of GSDMB transcript levels in each sample was standardized by the geometric mean of references using hydroxymethylbilane synthase and b-2-microglobulin cDNA levels. Kruskal-Wallis test with a Dunn's post-hoc or b Tukey's post-hoc test. GSDMB gasdermin B rs8067378 has been found to be a significant risk factor for cervical carcinogenesis in Han Chinese and Japanese populations [13, 29] .
We also observed that the rs8067378 polymorphism was associated with stages III and IV of cervical SCC. This suggests that there is a role of the G variant of rs8067378 in the increased extension and spread of malignant cells to neighboring tissues. In our studies, the rs8067378 variant was also observed to be associated with differentiation grade G3, which is prone to grow rapidly and spread faster than lower-grade cancerous cells. Our findings are similar to the recent replication study in a Japanese population, in which the authors demonstrated that Japanese women with the rs8067378 GG genotype belong to a high-risk group for invasive CC [30] .
Moreover, there was an increased risk of cervical carcinogenesis for the rs8067378 SNP in patients with a positive history of parity, oral contraceptive use, smoking, and women of postmenopausal age. This is consistent with literature data indicating the causative influence of pregnancy, oral contraceptive use, tobacco smoking, and postmenopausal age in cervical carcinogenesis [7] [8] [9] [10] .
The rs8067378 SNP has also been associated with the development of asthma [24, 31, 32] . Functional studies conducted for the rs8067378 SNP demonstrated reduced expression of GSDMB for the G gene variant of rs8067378 in human bronchial epithelial and bronchial alveolar lavage cells from patients with asthma [24] . In contrast, we found significantly upregulated GSDMB1 isoform transcript levels in both the cervical SCC and non-cancerous tissues from carriers of the G allele as compared with carriers of the A/A genotype. Additionally, we observed significantly increased GSDMB2-3 isoform transcript levels in the cervical SCC tissue for carriers of the G/G vs. A/A genotype. These discrepancies may be owing to the use of different quantitate assays and analyses of different GSDMB isoform transcripts between the asthma study [24] and ours. These may also have resulted from distinct transcription and epigenetic factors regulating the expression of GSDMB in lung tissues and cancerous and non-cancerous cervical tissues.
The increased expression of GSDMB for carriers of the rs8067378 G gene variant confirm the observation of Sun et al. They demonstrated that ectopic GSDMB expression augmented the growth of CC cells in vitro, whereas silencing the endogenous expression of GSDMB reduced cancer cell proliferation [15] .
Conclusions
Our genetic study is the first to report that the rs8067378 polymorphism can be a risk factor for cervical carcinogenesis in a Caucasian cohort. Moreover, we observed that the rs8067378 G variant upregulated the expression of GSDMB, which was associated with increased growth and spread of cancer cells to the surrounding tissues. However, our study contains some limitation, for instance, one Caucasian cohort with a relatively small sample size. This study is also limited to one tested SNP. To achieve full gene coverage, a number of other tag SNP needed to be covered in this study. Other SNPs not included in this study could account for alternation of GSDMB expression. Therefore, our genetic study should be replicated for rs8067378 and a number of other tag SNPs covering GSDMB in other independent ethnicities.
